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INTRODUCTION 


Ductal  carcinoma  in  situ  (DCIS)  is  an  early  form  of  breast  cancer  in  which  cancer  cells  are  confined  by 
the  basement  membrane  in  the  ducts.  Although  the  mortality  associated  with  DCIS  at  diagnosis  is 
negligible,  the  importance  of  treating  DCIS  is  that  the  disease  is  a  precursor  of  most  invasive  breast 
cancer.  Moreover,  the  incidence  of  DCIS  (1)  has  been  increasing  presumably  due  to  the  widespread 
use  of  mammographic  screening  for  early  detection  of  breast  cancer  (1, 2).  DCIS  currently  accounts 
for  up  to  30%  of  newly  diagnosed  breast  cancers  (2).  The  disease  is  most  often  treated  by  breast 
conserving  surgery  (BCS),  which  may  be  combined  with  local  radiation  therapy  (3, 4).  Local 
recurrence  after  BCS,  however,  remains  a  problem.  About  10  to  30%  of  DCIS  patients  treated  by  local 
excision  with  a  histological  tumor-free  margin  subsequently  develop  recurrent  disease  and  require  re¬ 
excision.  Furthermore,  invasive  breast  cancer  presents  in  about  half  of  the  recurrent  cases  (5-7).  Local 
recurrence  after  BCS  is  believed  to  originate  from  residual  DCIS  (8).  Therefore,  there  is  a  need  to 
improve  the  accuracy  of  delineating  the  extent  of  DCIS  in  order  to  achieve  complete  excision  of  the 
disease,  which  may  reduce  the  rate  of  local  recurrence  as  well  as  mortality.  Radioimmunoguided 
surgery  (RIGS)  is  a  technique  that  employs  a  sensitive  y-detecting  probe  and  a  specific  radiolabled 
anti-tumor  antibody.  The  surgeon  uses  the  y-probe  to  define  more  accurately  the  extent  of  tumor 
through  identifying  intraoperatively  tumor  tissue  that  is  pretargeted  by  a  radiolabeled  antibody. 
Monoclonal  antibody  CC49  is  a  murine  IgGj  directed  against  tumor-associated  glycoprotein-72  (TAG- 
72),  an  epithelial  mucin.  CC49  was  found  highly  reactive  with  81%  of  DCIS  by  immunohistochemistry 
(9).  The  objectives  of  the  study  are:  1)  to  generate  recombinant  Fab  of  CC49  containing  an  integrated 
hexahistidine  radiometal-binding  site  through  expression  in  yeast,  purify  the  resulting  Fab,  and 
evaluate  its  immunoreactivity  to  TAG-72  in  vitro;  2)  to  label  recombinant  Fab  of  CC49  with  99mTc 
directly  through  the  hexahistidine  moiety  and  evaluate  the  stability  and  immunoreactivity  in  vitro;  3)  to 
evaluate  the  tumor  and  normal  tissue  localization  of  the  radiolabeled  recombinant  Fab  in  a  tumor 
xenograft  model. 


SUMMARY  OF  RESEARCH  ACCOMPLISHED  IN  YEAR  1  (2003-2004) 

The  following  represents  a  summary  of  the  research  accomplished  in  the  first  year  of  the  project. 

Task  i:  Clone  the  genes  of  CC49  Fab  and  express  recombinant  Fab  fragments  of  CC49  in  Pichia 
pastoris  and  purify  the  recombinant  Fab  fragments 

Fab  fragments  of  an  antibody  consist  of  the  light  (L)  chain  covalently  linked  to  the  Fd  (Vh  +  ChI) 
portion  of  the  heavy  chain  through  a  disulfide  bond.  In  this  study,  recombinant  Fab  (rFab)  of 
monoclonal  antibody  CC49  (Fig.  1)  consists  of  the  L  chain  fused  with  a  FLAG  tag  (DYKDDDDK) 
and  the  Fd  chain  fused  with  a  hexahistidine  (His6)  tag.  A  flexible  peptide  linker  (GGGGS)  is  inserted 
between  the  tags  and  each  chain  of  Fab.  The  FLAG  tag  is  designed  for  the  detection  of  L;  the  His6  tag 
is  for  the  detection  of  Fd  as  well  as  purification  of  rFab  by  immobilized  metal  affinity  chromatography 
(IMAC).  The  His6  tag  can  also  be  used  for  direct  labeling  with  complex  "Tc  (10). 
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Fig.  1.  Schematic  representation  of  the  construct  of  CC49  rFab.  L  consists  of  a  variable  region  (Vl) 
and  a  constant  region  (Cl);  Fd  consists  of  a  variable  region  (Vh)  and  the  first  constant  region  (ChI) 
from  the  heavy  chain.  A  His6  tag  is  fused  to  Fd  at  its  carboxyl  terminus,  and  a  FLAG  tag  is  fused  to  L 
at  its  amino  terminus.  A  flexible  peptide  linker  (GGGGS  or  G4S)  connects  the  tags  to  L  or  Fd. 


Cloning  the  genes  of  L  and  Fd  (Vh+Ch1)  of  CC49  IgG  from  hybridoma  cells  into  a  TA  cloning 
vector  pCR®2.1.  The  CC49  hybridoma  cell  line  producing  monoclonal  antibodies  against  TAG-72 
was  provided  by  Dr.  J.  Schlom  in  NCI  (U.S.)  through  a  Material  Transfer  Agreement  with  Dr.  Reilly, 
my  PhD  dissertation  mentor.  The  hybridoma  secretes  murine  CC49  IgGijtc.  Total  RNA  was  extracted 
from  1  x  106  hybridoma  cells  using  RNeasy®  kit  (Qiagen, Valencia  CA).  First-strand  cDNA  was 
synthesized  from  the  pool  of  total  RNA  using  Superscript  II®  reverse-transcriptase  (Invitrogen,  San 
Diego  CA)  primed  with  random  hexamer  primers  (Invitrogen).  The  target  genes  were  amplified  by 
PCR  from  cDNA  using  primers  specific  for  the  sequences  flanking  the  coding  regions  of  L  (1 1,  12)  or 
Fd  (13, 14)  (GenBank  accession  nos.  LI 4549.  L14553.  V00802.  and  1004531.  The  forward  primer 
H_FOR-l  and  the  reverse  primer  H_REV-1  (Table  1)  were  for  amplification  of  the  DNA  fragment 
containing  Fd;  L  FOR-l  and  LREV-l  were  for  the  DNA  fragment  containing  L.  The  bands  on  the  gel 
corresponding  to  DNA  from  L  (775  bp)  and  H  (837  bp)  chains  were  excised.  DNA  was  extracted  from 
the  gel  using  QIAquick  Gel®  extraction  kit  (Qiagen),  and  was  reconstituted  in  50  pL  of  EB  buffer  (10 
mM  Tris  HC1  pH  8.5). 

The  purified  DNA  fragments  containing  L  or  Fd  from  PCR  was  ligated  into  a  pCR®2.1  cloning  vector 
(Invitrogen)  to  transform  TOPI  OF'  cells.  Transformed  colonies  were  selected  on  a  LB  agar  plate 
containing  50  pg/mL  of  kanamycin  (Invitrogen)  according  to  the  manufacturer’s  instruction.  Plasmid 
DNA  was  extracted  and  purified  from  the  transformed  cells,  and  the  inserts  were  sequenced  with  T7 
(forward)  and  M13  reverse  primers.  The  resulting  plasmids  were  denoted  as  pCR2.1-L  (containing  the 
L  insert)  and  pCR2.1-Fd  (containing  the  Fd  insert). 

Construction  of  Plasmids  Expressing  CC49  rFab.  An  expression  plasmid  based  on  the  P.  pastoris 
secretion  vector  pPICZaA  was  constructed  to  co-express  L  and  Fd  of  CC49.  In  the  co-expression 
plasmid  (pPIC-L-Fd  or  pPIC-Fd-L,  Fig.  2B),  the  expression  of  L  and  Fd  is  driven  individually  by  a 
methanol-inducible  S’AOXl  promoter.  An  a-factor  secretion  signal  sequence  from  Sacharomyces 
cerevisiae,  which  directs  the  secretion  of  heterologous  proteins  into  the  culture  medium,  immediately 
precedes  the  sequences  encoding  L  or  Fd.  A  transcription  termination  sequence  follows  the  inserted  L 
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and  Fd  genes.  L  and  Fd  were  expressed  as  separate  polypeptides,  but  assembled  into  rFab  in  P. 
pastoris  through  disulfide  bond  formation.  rFab  then  was  secreted  into  the  culture  medium. 


Table  1.  Oligonucleotide  primers  used  for  constructing  plasmids  to  co-express  L  and  Fd 


Oligonucleotide  Nucleotide  Sequence*  annotations 


Cloning  L  and  Fd  into  the  pCR2.1  cloning  vector 

L  FOR-1 

5  '-TATGTTACTGCTGCTATGGGTATCTG-3  ’ 

cloning 

L  REV-1 

5'-cttcccttctaaggtcttggaggcttc-3' 

cloning 

H  FOR-1 

5  '-GTCTTCf  CCGCTATCCCTGGACACACTG-3 ' 

cloning 

H  REV-1 

5  '-ccaaggatgtgctcaccattactctgact-3  ' 

cloning 

LJFOR-2 

L_REV-2 

H_FOR-2 

H.REV-2 

H_FOR_ABam 
H  REV  ABam 


Subcloning  L  and  Fd  into  the  pPICZaA  vector 

5'-ctagtgaattcgactacaaggacgacgacgacaaggg 

tggcggtggctcggacattgtgatgtcacagtctccatc-3' 

5'-CACTGTCTAGArC4CraACACTCATTCCTGTTGAA 
GCTCTTGAC  AATGG-3 ' 

5'-CTAGTGAATTCCAGGTTCAGTTGCAGCAGTCTGACGCTG 

agttg-3' 

5'-CACTGTCTAGArC/47~C4ATGATGATGATGATGATGCGA 
GCCACCGCCACCACAATCCCTGGGCACAAT7TTCTTGTC-3' 
S'-  GTGACCTGGAACTCTGGtTCCCTGTCCAGC  -3' 

5  '-GCTGGACAGGG AaCC AGAGTTCCA  GGTCAC  -3' 


EcoR  I; 

FLAG  tag  bold 
Xbal 

EcoR  I 

Xbal, 

Hisetag  bold 
BamHI  silencing 
BamH I  silencing 


_ Constructing  plasmids  to  co-express  L  and  Fd 

APmel_FOR  5  '-C  AA  a  ACTGACAGTTTAtACGCTGTC-3 ' 

APmel  REV  5  '-GACAGCGTaTAAACTGTCAGTTTTG-3 ' 


Pmel  1  mutation 
Pmel  I  mutation 


Bgl_FOR  5'-gagaagatctaacatccaaagacg-3' 

Bam  REV  1798  5 '-cgacaccctagaggaag aaagagg-3 ' 


BgUI 


“Restriction  sites  are  underlined;  stop  codons  are  italicized;  mismatches  are  in  lowercase. 


Primers  for  sequencing  are  based  on  the  DNA  sequences  from  the  a-factor  priming  site  (forward 
primer  5  '-TATTGCCAGCATTGCTGC-3 ')  and  the  3'AOXl  priming  site  (reverse  primer  5- 
GCAAATGGCATTCTGACATCC-3')  in  pPICZaA. 


5'AClXr  (/-factor 


I 

EcoR  ! 


Aoxt  rr 


Xbit  / 


pPIC-L 


5  A  OXi  n-fttaor 

'|  dfiamtir 


fiev*>  > 

pPIC-Fd 


5AC 


GX1TT 


Fd 


40X1 TT 


IBamH  / 


WitemHt 


1  # 

pPIC-Fd  \ 

1  S’Altttt 

4  kb  1 

,  ...Z!S» - <4 

PCR  amp.  Bgl  U-BamH  f 

Bant  11 1 

fragment  (2  4  kb)  with 

digestion 

APme  fin  5' AOX1; 

double  dig i  with  Bgl  If 

1 

r  jt 

and  BamH  1 

Bam  I  I I 
digestion 


AO.\ 7  rr 


Fig.  2.  Construction  of  co-expression  plasmids  for  expression  of  rFab  of  CC49.  (A)  Map  of  the 
pPICZaA  expression  vector  (upper)  and  a  linear  representation  of  the  expression  plasmids  containing  a 
single  insert  of  L  or  Fd  gene  (lower).  (B)  The  strategy  to  construct  the  co-expression  plasmids  pPIC- 
Fd-L  and  pPIC-L-Fd. 
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The  co-expression  plasmid  was  constructed  in  two  steps  (Fig.  2).  In  the  first  step  (Fig.  2A),  L  and  Fd 
were  PCR  amplified  from  the  cloning  plasmids,  pCR2.1-L  and  pCR2.1-Fd,  using  primers  (L_FOR-2, 
LREV-2,  HFOR-2,  and  H-REV-2;  Table  1)  to  install  the  EcoR  I  sites  at  the  amino  terminus  and  the 
Xba  I  sites  at  the  carboxyl  terminus  for  subsequent  insertion  into  an  expression  vector  pPICZaA.  Also 
included  in  the  primers  were  sequences  of  the  FLAG  tag  and  the  His&tag.  The  FLAG  tag  was  placed 
after  the  EcoR  Is ite  and  fused  to  the  amino  terminus  of  L  through  a  flexible  GGGGS  linker;  the  His6 
tag  was  fused  to  the  carboxyl  terminus  of  Fd  through  the  linker.  Two  stop  codons  were  installed  before 
the  Xba  I  sites.  Without  altering  the  amino  acid  sequence,  the  BamHI  site  within  Fd  was  disrupted  by 
site-directed  mutagenesis  introduced  by  overlap  extension  PCR  (primers  HFORABam  and 
H_REV_ABam).  This  mutation  was  necessary  for  the  construction  of  a  co-expression  plasmid  where 
BamHI  in  the  expression  plasmid  containing  either  L  or  Fd  was  used  as  the  cloning  site  for  inserting 
the  second  expression  cassette.  The  PCR-amplified  L  and  Fd  genes  flanked  by  the  EcoR  I  and  Xba  I 
sites  were  digested  and  ligated  into  a  pPICZaA  vector  individually.  The  ligated  plasmids  were  then 
used  to  transform  TOPI  OF'  cells.  Transformants  were  selected  on  low  salt  LB  agar  plates  containing 
25  pg/ml  Zeocin®  (Invitrogen).  The  DNA  inserts  in  the  plasmids  from  the  transformants  were 
sequenced  and  their  orientation  determined.  The  plasmids  containing  correctly  oriented  L  and  Fd  genes 
were  denoted  as  pPIC-L  and  pPIC-Fd  respectively  (Fig.  2A).  In  the  second  step  (Fig.  2B),  the  plasmid, 
pPIC-L  or  pPIC-Fd,  containing  a  single  L  or  Fd  gene  was  combined  to  create  a  co-expression  plasmid 
that  harbored  both  the  L  expression  cassette  and  the  Fd  expression  cassette.  As  illustrated  in  Fig.  2B, 
the  expression  cassette  containing  L  was  amplified  by  PCR  (forward  primer  Bgl_FOR,  reverse  primer 
Bam_REV  1 798;  Table  1)  from  pPIC-L  as  a  Bgl  II  and  BamHI  fragment;  it  was  then  cloned  into  pPIC- 
Fd  at  the  BamHI  site  immediately  after  the  Fd  expression  cassette  to  generate  the  co-expression 
plasmid  pPIC-Fd-L.  Similarly,  a  co-expression  plasmid  pPIC-L-Fd  was  constructed  by  inserting  PCR 
amplified  Fd  expression-cassette  into  pPIC-L.  These  two  co-expression  plasmids  are  only  different  in 
the  relative  position  of  the  L  and  Fd  expression-cassettes  in  the  plasmids.  The  Pme  I  site  inside  5'AOXl 
of  the  PCR-amplified  expression  cassettes  was  disrupted  by  site-directed  mutagenesis  using  overlap 
extension  PCR  to  introduce  a  single  nucleotide  mutation  (primers  APmelFOR  and  APmelREV) 
thereby  ensuring  that  only  one  Pme  I  site  existed  in  the  co-expression  plasmids  for  subsequent 
linearization,  which  was  necessary  for  efficient  integration  of  the  construct  into  the  genomic  DNA  of 
P.  pastoris.  TOPIOF'  cells  were  transformed  with  the  pPIC-Fd-L  or  pPIC-L-Fd  plasmid,  and 
transformants  were  selected  with  25  pg/mL  Zeocin®  on  low  salt  LB  agar  plates.  Plasmid  DNA  was 
isolated  from  positive  transformants  using  Qiagen  HiSpeed®  Midi  Kit  (Qiagen).  The  orientation  of  the 
inserts  in  the  co-expression  plasmids  was  determined  by  PCR.  The  co-expression  plasmids  with  tail-to- 
head  oriented  expression  cassettes  were  sequenced  and  subsequently  used  for  rFab  expression. 

Expression  of  CC49  rFab  in  P.  pastoris  in  Shake  Flask  and  rFab  Purification.  The  pPIC-Fd-L  or 
pPIC-L-Fd  plasmids  were  linearized  at  the  unique  Pme  I  site  in  the  first  5’AOXl  promoter  region 
before  electro-transforming  P.  pastoris  KM71H  cells  using  a  MicroPulser®  electroporator  (Bio-Rad, 
Hercules  CA).  The  transformed  KM71H  cells  were  selected  with  Zeocin®  at  100  pg/ml.  In  order  to 
screen  for  transformants  expressing  the  greatest  amount  of  rFab,  six  Zeocin®-resistant  transformants 
derived  from  pPIC-Fd-L  or  pPIC-L-Fd  were  tested  for  expression.  Clone  #24-5  (pPIC-Fd-L)  and  Clone 
#5-3  (pPIC-L-Fd)  were  identified  as  expressing  the  highest  amount  of  rFab  in  BMMY  (1%  yeast 
extract,  2%  peptone,  100  mM  potassium  phosphate  pH  6.0, 1.34%  yeast  nitrogen  base  with  ammonium 
sulfate  without  amino  acids,  4  x  10'5  %  biotin,  0.5%  methanol)  when  induced  with  0.5%  methanol 
every  24  hours.  rFab  secreted  in  BMMY  was  measured  by  ELISA.  ELISA  was  carried  out  using 
bovine  submaxillary  mucin  (BSM,  Sigma)  as  a  source  of  the  TAG-72  antigen  (15).  Briefly,  a  96-well 


8 


micro-ELISA  plate  (Coming  Costar®  Coming  Inc.,  Coming  NY)  was  coated  with  2  pg  of  BSM  in  100 
jiL  of  PBS  pH  7.0  at  4°C  overnight.  Non-specific  binding  sites  were  saturated  by  incubating  the  wells 
with  5%  BSA  in  PBS  at  4°C  overnight.  The  culture  supernatant  collected  at  different  times  up  to  96 
hours  after  methanol  induction  was  added  in  duplicate  to  the  wells  (100  pL/well)  and  the  plate 
incubated  for  90  min  at  room  temperature.  The  wells  were  washed  with  PBS/0.5%  Tween-20  four 
times.  Horseradish  peroxidase  (HRP)-conjugated  goat  anti-mouse  Fab  (Sigma)  was  then  added  to  each 
well  and  incubated  for  1  hour  at  room  temperature.  The  wells  were  washed  again  four  times  before 
adding  the  HRP  substrate  3,3’,5,5’-tetramethylbenzidine  (TMB,  Sigma).  The  reaction  was  stopped  by  2 
M  H2S04.  The  absorbance  of  each  well  was  read  at  450  nm  in  a  plate  reader  (Elx800,  Bio-Tek 
Instruments  Inc,  Winooski  VT). 

In  order  to  identify  the  methanol  concentration  resulting  in  the  greatest  amount  of  rFab  expression. 
Clone  #24-5  and  Clone  #5-3  were  induced  with  methanol  at  various  concentrations.  The  expression  of 
rFab  was  carried  out  in  500  mL  Erlenmeyer  flasks  that  contained  1 5%  (w/w,  wet  cell  weight)  of 
transformed  P.  pichia,  i.e.  Clone  #24-5  and  Clone  #5-3,  cell  suspension  in  BMMY.  Methanol  was 
added  to  the  culture  at  various  concentrations  (0.5%,  1%,  and  1 .5%)  every  12  or  24  hours.  Clone  #24-5 
and  Clone  #5-3  expressed  the  greatest  amount  of  rFab  at  48  hours  after  induction  with  1%  methanol 
supplemented  to  the  culture  every  12  hours. 

rFab  was  purified  from  the  culture  medium  by  IMAC  following  ammonium  sulfate  precipitation.  rFab 
was  precipitated  from  the  BMMY  culture  supernatant  by  adding  ammonium  sulfate  to  50  %  saturation 
at  25°C  (31.3  g  ammonium  sulfate  per  100  mL  of  supernatant).  After  overnight  precipitation  at  4°C, 
the  precipitate  was  collected  by  centrifugation  at  5000  x  g  for  20  min  at  room  temperature,  then 
reconstituted  in  20  mM  Tris-HCl  buffer  pH  8.0.  rFab  was  then  further  purified  by  IMAC  on  a  Ni-NTA 
agarose  (Qiagen)  column.  Protein  bound  to  the  column  was  eluted  with  100  mM  imidazole  in  20  mM 
Tris-HCl  and  0.5  M  NaCl  buffer  pH  8.0.  The  eluate  was  buffer-exchanged  into  PBS  pH  7.0  using  a 
Centricon-YM30®  ultrafiltration  device  (Amicon,  Billerica  MA;  Mr  cut-off  30  kD).  Purified  rFab  was 
characterized  by  SDS-PAGE,  Western  blot,  and  size-exclusion  HPLC. 

The  yield  of  purified  rFab  from  shake-flask  expression  was  1-2  mg/L  determined  by  measuring  the 
optical  density  at  280  nm  using  a  molar  extinction  coefficient  of  e=  75,560  crn’M'1,  equivalent  to  E  = 
1.49  cm'1  (mg/ml)'1.  The  molar  extinction  coefficient  for  rFab  at  280  nm  was  calculated  (16)  from  the 
amino  acid  sequence  of  rFab  derived  from  the  reported  sequence  (11-14)  (GenBank  accession  nos. 

LI 4549.  L14553.  V00802.  and  J00453). 

Analysis  of  the  Purity  of  rFab.  The  identity  and  purity  of  CC49  rFab  was  examined  by  SDS-PAGE, 
Western  blot,  and  size-exclusion  HPLC.  For  SDS-PAGE,  rFab  (1-2  pg)  were  electrophoresed  under 
reducing  ((3-mercaptoethanol)  and  non-reducing  conditions  on  a  4-20%  Tris-HCl  gradient  mini-gel 
(Bio-Rad,  Mississauga,  ON),  and  detected  by  staining  with  Coomassie  brilliant  blue  R-250  (Bio-Rad). 
For  Western  blot,  proteins  were  detected  by  three  different  HRP-conjugated  antibodies,  i.e.  goat 
antibodies  specific  for  mouse  Fab  (Sigma),  an  antibody  against  tetra-histidine  (Qiagen),  and  an 
antibody  against  FLAG  M2®  (Sigma).  The  antibodies  were  diluted  at  1:2000  in  PBS/0.5%  Tween-20. 
rFab  was  also  analyzed  by  size-exclusion  HPLC  on  a  BioSep®  SEC-S2000  column  (Phenomenex  Inc., 
Torrance  CA)  eluted  with  100  mM  NaH2P04  buffer  pH  7.0  at  a  flow  rate  of  0.8  mL/min  using  a 
System  Gold  Model  125  HPLC  interfaced  with  a  Model  166  UV  detector  (Beckman-Coulter, 
Mississauga  ON)  set  at  280  nm. 
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Coomassie  brilliant  blue-stained  SDS-PAGE  gel  revealed  a  single  band  at  Mr  51  kD  (Fig.  3B,  lane  1). 
This  apparent  molecular  weight  is  consistent  with  the  calculated  molecular  weight  based  on  the  known 
amino  acid  sequence  of  CC49  rFab.  This  band  at  Mr  51  kD  dissociated  into  a  band  at  30  kD  under 
reducing  conditions  (Fig.  3B,  lane  3).  Analysis  by  Western  blot  revealed  that  both  the  51  kD  and  30 
kD  bands  were  reactive  with  goat  anti-mouse  Fab  antibodies  (Fig.  3C,  lanes  1  and  3).  The  51  kD  and 
30  kD  bands  were  also  reactive  with  antibodies  directed  against  tetra-histidine  (Fig.  3E),  which 
identifies  the  Hise  tag  at  the  carboxyl  terminus  of  the  Fd  chain,  and  also  by  anti-FLAG  antibodies  (Fig. 
3F),  which  identifies  the  FLAG  tag  at  the  amino  terminus  of  the  L  chain.  These  results  confirmed  that 
the  51  kD  protein  was  rFab,  a  heterodimer,  in  which  intermolecular  disulfides  covalently  bridge  the 
recombinant  L  and  Fd  chains.  For  comparison,  SDS-PAGE  analysis  (Fig.  3B,  lanes  2  and  4)  and 
Western  blot  (Fig.  3C,  lanes  2  and  4)  of  Fab  prepared  by  proteolytic  digestion  of  CC49  IgG  using 
immobilized  papain  are  also  shown.  The  slightly  higher  Mr  for  rFab  compared  to  papain-produced  Fab 
(Mr  51  kD  vs.  48  kD)  was  expected  because  the  rFab  included  a  His6tag,  a  FLAG  tag,  and  the  GGGGS 
peptide  linker,  which  contribute  2.8  kD  to  the  molecular  mass.  Size-exclusion  HPLC  (Fig.  4)  showed 
that  rFab  was  purified  to  homogeneity  as  indicated  by  a  single  peak  with  a  retention  time  of  tR  9.2 
minutes. 


Fig.  3.  SDS-PAGE  and  Western  blot  of  rFab 
and  papain-produced  Fab  of  CC49.  (A) 
Commassie-stained  SDS-PAGE  gel  of  the 
crude  culture  supernatant  collected  at  48  h 
after  methanol  induction.  The  unpurified 
sample  was  concentrated  5  times  and 
electrophoresed  under  non-reducing  (lane  1) 
and  reducing  (P-mercaptoethanol,  lane  2) 
conditions  on  a  4-20%  Tris-HCl  gradient  gel. 
(B)  SDS-PAGE  comparison  of  purified  rFab 
(lanes  1  and  3)  and  papain-produced  Fab 
(lanes  2  and  4)  of  CC49  under  non-reducing 
(lanes  1  and  2)  and  reducing  (lanes  3  and  4) 
conditions.  (C)  Western  blot  of  purified  rFab 
(lanes  1  and  3)  and  papain-produced  Fab 
(lanes  2  and  4)  of  CC49  under  non-reducing 
(lanes  1  and  2)  and  reducing  (lanes  3  and  4) 
conditions.  The  proteins  were  probed  with  a 
goat  anti-mouse  Fab.  (D)  Commassie-stained 
SDS-PAGE  gel  of  rFab  under  non-reducing 
(lane  1)  and  reducing  (lane  2)  conditions.  (E) 
Western  blot  of  purified  rFab  under  non¬ 
reducing  (lane  1)  and  reducing  (lane  2) 
conditions.  Proteins  were  probed  with  a  tetra- 
histidine  antibody.  (F)  Western  blot  of 
purified  rFab  under  non-reducing  (lane  1) 
and  reducing  (lane  2)  conditions.  Proteins 
were  probed  with  a  FLAG  M2  antibody. 
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Fig.  4.  Size-exclusion  chromatography  of 
purified  rFab  of  CC49.  The  solid  line 
represents  UV  absorbance  at  280  nm.  rFab  was 
detected  as  a  single  peak  with  a  retention  time 
of  tR  9.2  minutes. 


Task  2:  Assess  the  immunoreactivity  of  the  recombinant  Fab 

Immunoreactivity  of  CC49  rFab  to  TAG-72  in  vitro.  The  in  vitro  immunoreactivity  of  purified  rFab 
toward  the  TAG-72  antigen  was  assessed  by  ELISA.  The  preliminary  results  showed  that  rFab  was 
reactive  with  TAG-72  in  BSM  immobilized  on  an  ELISA  plate.  The  immunoreactivity  expressed  as 
absorbance  at  450  nm  was  plotted  against  molar  concentrations  of  rFab  (Fig.  5).  The  immunoreactivity 
of  Fab  fragments  (eFab)  of  CC49  produced  by  enzymatic  digestion  of  IgG  was  similarly  assayed  for 
comparison  (Fig.  5).  As  shown,  rFab  was  immunoreactive  and  the  reactivity  of  rFab  and  eFab  to  TAG- 
72  in  BSM  increased  in  a  concentration-dependent  fashion.  A  more  sensitive  assay,  such  as  radio¬ 
ligand  binding  assay,  will  be  used  to  determine  quantitatively  the  binding  affinity,  i.e.  dissociation 
constant  Kd,  of  rFab  to  TAG-72. 
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Fig.  5.  ELISA  assay  on  immunoreactivity  of  rFab  and  eFab  to  TAG-72  antigen  present  in  bovine 
submaxillary  mucin  (BSM).  Anti-mouse  Fab  horseradish  peroxidase  (HRP)  conjugates  were  used  to 
detect  Fab  fragments  bound  to  TAG-72  antigen  on  the  ELISA  plate.  rFab  was  1:6  sequentially  diluted 
in  PBS  starting  at  a  concentration  of  7.5  x  10'6  M.  eFab  was  1:6  sequentially  diluted  in  PBS  starting  at 
2.0  x  10"7  M.  This  concentration  is  38  times  lower  than  the  starting  concentration  for  rFab. 
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Task  4:  Conduct  in  vivo  imaging  and  biodistribution  studies  in  a  mouse  tumor  xenograft  model 

Tumor  localization  and  biodistribution  of  rFab  labeled  with  I23I  in  athymic  mice  bearing  TAG- 
72  positive  s.c.  LS  174T  human  colon  cancer  xenografts.  Our  ultimate  goal  is  to  label  rFab  with 
99mTc  at  the  hexahistidine  tag  fused  to  the  amino  terminus  of  Fd  using  a  relatively  new  method  (10).  To 
demonstrate  that  rFab  was  actually  immunoreactive  in  vivo  with  TAG-72  positive  tumor  in  an  animal 
model,  we  initially  tested  rFab  by  labeling  the  protein  with  123I  using  Iodogen®  (Sigma)  because  this 
labeling  procedure  is  more  straightforward.  The  animal  model  was  established  by  implanting 
subcutaneously  1  x  1 06  of  LS  1 74T  human  colon  cancer  cells  at  the  right  flank  of  4-week-old  female 
athymic  mice  (Swiss  nu/nu).  1  x  106  of  A375  human  melanoma  cells  (TAG-72  negative)  were  injected 
subcutaneously  at  the  shoulder  of  the  same  mice  as  a  negative  control  tumor.  When  the  tumors  (both 
LS  174T  and  A375  xenografts)  reached  a  size  of  2-5  mm  in  diameter,  l23I-labeled  rFab  was  injected 
intravenously  (tail  vein)  into  a  group  of  4  mice.  rFab  was  labeled  with  123I  to  a  specific  radioactivity  of 
0.8  pCi/pg  Approximately  125  pg  of  123I-rFab  in  100  pi  PBS  pH  7.0  were  injected  into  each  mouse. 
Twenty-four  hours  after  injection,  the  mice  were  sacrificed  and  the  accumulation  of  ,23I-labeled  rFab  in 
tumor  and  normal  tissues  was  measured  in  a  y-scintillation  well  counter  with  a  40  keV  window  around 
the  159  keV  photopeak.  Tumor  uptake  (percent  injected  dose  per  gram,  %  ID/g)  and  tumor-to-normal 
tissue  (T/NT)  ratios  were  analyzed  (Fig.  6). 
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Hi  T/NT  rFab  at  24  h 


Fig.  6.  (A)  Uptake  in  tissues  at  24  h  after  administration  of  l23I-rFab.  (B)  T/NT  ratios  at  24  h.  T/NT 
ratios  were  calculated  by  the  dividing  uptake  in  TAG-72  positive  LS  174T  tumor  by  the  uptake  in 
normal  tissues  or  TAG-72  negative  tumor  A375  (negative  control).  Tissues  shown  are  B  (blood),  H 
(heart),  Lu  (lungs),  L  (liver),  K  (kidneys),  Sp  (spleen),  St  (stomach),  I  (intestine),  and  M  (muscle). 

Tumor  uptake  (Fig.  6A)  of  123I-rFab  at  24  h  post-injection  in  LS  174T  xenografts  was  3.5  ±  1 .40  % 
ID/g.  Tumor  uptake  was  only  0.8  ±  0.144  %  ID/g  in  TAG-72  negative  A375  xenografts  (one-tailed  t 
test,  p  =  0.056).  Uptake  in  the  blood  was  2.3  ±  0.45  %  ID/g.  Kidneys  showed  the  highest  uptake,  while 
muscle  showed  the  lowest  (4.8  ±  0.56  vs.  0.25  ±  0.053  %  ID/g).  The  uptake  ratio  of  LS  174T  to  A375 
(Fig.  6B)  was  4.3  ±  1.06.  T/B  ratio  was  1.4  +  0.31.  The  highest  T/NT  ratio  occurred  in  muscle  at  13.9 
±  4.61.  These  preliminary  results  suggest  that  123I-rFab  localized  in  TAG-72  positive  LS  174T  tumor, 
but  not  in  TAG-72  negative  A375  tumor,  possibly  through  the  mediation  of  TAG-72  antigen.  The 
biodistribution  profile  of  123I-rFab  resembled  that  of  typical  small  antibody  fragments  with  a 
characteristically  high  kidney  uptake.  Labeling  with  "mTc  through  the  hexahistidine  tag  in  rFab  will  be 
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tested  in  Year  2.  An  animal  study  using  "mTc  labeled  rFab  will  be  conducted  to  investigate  tumor 
uptake  and  biodistribution  of  the  radiopharmaceutical. 

PLANNED  RESEARCH  FOR  YEAR  2  (2004-2005) 

Task  2 1 completion ):  Assess  the  immunoreactivity  of  the  recombinant  Fab.  In  the  second  year  of  the 
project,  I  shall  complete  the  assessment  of  the  immunoreactivity  of  rFab  to  the  TAG-72  antigen  using 
an  ELISA  method  or  a  competition  radioligand  binding  assay.  The  antigen-binding  activity  of  rFab 
will  be  compared  with  that  of  enzymatically  generated  Fab  by  papain.  I  may  also  test  the 
immunoreactivity  of  rFab  with  surgical  specimens  from  DCIS  using  immunohistochemical  staining. 

Task  3 :  Label  recombinant  Fab  with  "mTc-tricarbonyl  complex  through  the  carboxyl-terminal  His6 
tag.  Labeling  a  recombinant  protein  with  "mTc-tricarbonyl  complex  through  a  terminal  His6  tag  is  a 
relatively  new  method,  therefore,  I  initially  plan  to  use  a  synthetic  polypeptide  to  work  out  labeling 
conditions.  A  peptide  (GGGGSHHHHHH)  has  been  synthesized  to  contain  the  sequence  at  the 
carboxyl  terminus  of  Fd  in  CC49  rFab.  I  have  also  obtained  the  IsoLink™  carbonyl  labeling  agent  (a 
10  mL  sealed  vial  contains  lyophilized  formulation  of  8.5  mg  sodium  tartrate,  2.85  mg  of  sodium 
tetraborate,  7.15  mg  of  sodium  carbonate,  and  4.5  mg  of  sodium  boranocarbonate;  Mallinckrodt 
Medical  B.V.,  the  Netherlands).  The  chemical  agent  allows  a  single-step  preparation  of 
["mjc(co)3(OH2)3]+,  the  complex  used  to  form  stable  coordinate  covalent  bonds  with  a  terminal  His6 
in  a  protein.  Using  the  peptide  as  a  model,  I  shall  examine  how  various  reaction  conditions,  such  as 
pH,  temperature,  and  the  incubation  time,  may  affect  the  radiolabeling  efficiency  and  specificity.  The 
reaction  conditions  will  later  be  customized  for  labeling  CC49  rFab  with  "mTc  to  achieve  a  high 
radiolabeling  efficiency  and  specificity. 

Task  £  :  Conduct  in  vivo  imaging  and  biodistribution  studies  in  a  mouse  tumor  xenograft  model.  In 
a  preliminary  study,  rFab  of  CC49  labeled  with  123I  has  demonstrated  specific  localization  in  TAG-72 
positive  LS174T  human  colon  cancer  xenografts  subcutaneously  implanted  in  athymic  mice.  The 
biodistribution  of  radioactivity  in  tumor  and  normal  tissues  of  these  mice,  however,  was  only  examined 
at  24  hours  post-injection.  In  the  second  year  of  this  project,  I  plan  to  examine  biodistribution  of  rFab 
labeled  with  ""Tc  or  123I  at  2,  6  and  24  hours  after  i.v.  injection  of  the  radiolabeled  rFab  into  the 
tumor-bearing  mice.  The  mice  will  also  be  imaged  using  a  small-field-of-view  y-camera. 

Task  5:  Analyze  data  statistically  and  prepare  manuscripts.  I  shall  analyze  the  data  from  the  in  vitro 
and  in  vivo  studies  and  prepare  manuscripts  for  submission  to  a  peer-reviewed  scientific  journal.  In 
second  year  of  this  project,  I  shall  complete  the  writing  of  my  PhD  thesis  and  defend  it. 


KEY  RESEARCH  ACCOMPLISHMENTS 

•  Cloned  the  genes  for  the  light  chain  and  Fd  portion  of  the  heavy  chain  of  the  monoclonal 
antibody  CC49  from  hybridoma  cells. 

•  Constructed  co-expression  plasmids  for  expression  of  a  recombinant  Fab  of  CC49  containing 
an  integrated  radiometal-binding  site  for  "mTc. 


•  Expressed  the  recombinant  Fab  in  Pichia  pastoris ,  purified  the  recombinant  Fab,  and 
characterized  its  purity. 

•  Characterized  the  immunoreactivity  of  the  recombinant  Fab  to  the  TAG-72  antigen  in  vitro  and 
in  an  animal  xenograft  model  in  preliminary  studies. 


REPORTABLE  OUTCOMES 


Manuscripts 

Ying  Tang.  Shaoxian  Yang,  Jean  Gariepy,  and  Raymond  M.  Reilly.  Cloning  and  Expression  of 
Recombinant  Fab  (rFab)  Fragments  of  the  Tumor-Associated  Glycoprotein-72  (TAG-72)  Monoclonal 
Antibody  CC49  in  Pichia  pastoris.  Manuscript  in  preparation,  2004. 

Ying  Tang.  Judy  Wang,  Deborah  Scollard,  Claire  Holloway,  Hridya  Mondal,  Harriette  J.  Kahn 
and  Raymond  M.  Reilly.  Preparation,  characterization  and  evaluation  of 11 'in-labeled  trastuzumab 
(Herceptin®)  Fab  fragments  in  athymic  mice  bearing  HER-2/neu  positive  BT-474  human  breast  cancer 
xenografts.  Submitted,  2004. 

Abstracts 

Ying  Tang  (presenter),  Shaoxian  Yang,  Jean  Gariepy,  Raymond  M.  Reilly.  Optimized  Expression  of 
rFab  of  the  TAG-72  Monoclonal  Antibody  CC49  in  Pichia  pastoris  and  Preliminary  Evaluation  of  Its 
Tumor  Targeting  Properties  in  the  LS174T  Human  Colon  Cancer  Xenograft  Model.  Proc.  Amer. 

Assoc.  Cancer  Res.  45:165  [abstract  714],  2004. 

Presentations 

Ying  Tang.  Construction  of  Recombinant  Fab  Fragments  of  Monoclonal  Antibody  CC49  for 
Radioimmunoguided  Surgery  of  Breast  Cancer.  Graduate  Research  in  Progress  Symposium,  Dept,  of 
Pharmaceutical  Sciences,  University  of  Toronto,  February  12, 2003. 


CONCLUSIONS 


In  conclusion,  a  recombinant  Fab  (rFab)  of  monoclonal  antibody  CC49  was  successfully  expressed  in 
Pichia  pastoris  at  a  yield  of  1-2  mg/L.  rFab  of  CC49  was  purified  to  homogeneity.  rFab  showed 
immunoreactivity  in  vitro  with  the  TAG-72  antigen  in  bovine  submaxillary  mucin  using  ELISA.  An  in 
vivo  study  showed  that  rFab  labeled  with  123I  specifically  localized  in  TAG-72  positive  LS174T  tumor 
xenografts  subcutaneously  implanted  in  athymic  mice.  These  results  warrant  further  investigation  of 
this  rFab  labeled  with  99mTc  through  the  integrated  carboxyl-terminal  His6  tag  as  a  potential 
radiopharmaceutical  for  radioimmunoguided  surgery  of  DCIS. 


*** 
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